The umuDC operon of Escherichia coli is required for efficient mutagenesis by UV light and many other DNA-damaging agents. The existence of a umuDC analog in Salmonella typhimurium has been questioned. With DNA probes to the E. coli umuD and umuC genes, we detected, by Southern blot hybridization, sequences similar to both of these genes in S. typhimurium LT2. We also confirmed that the presence of cloned E. coli umuD enhances the UV mutability and resistance of S. typhimurium. Our data strongly suggest that S.
UV mutability is not a common phenotype of bacteria in general or of members of the Enterobacteriaceae family in particular (44) . Many plasmids, however, have been shown to carry genes that enhance mutagenesis and increase the UV resistance of their host (24, 34) . These plasmids, which may encode uimui-like functions, have been identified among at least 10 different plasmid incompatability groups from at least six different genera (for a review, see reference 41) . Two analogs of iimiuDC, inucAB (31) and impAB (9) , which were identified on the naturally occurring plasmids R46 and TP110, respectively, have been extensively studied. miucAB and impAB are regulated by RecA and LexA, share 35 to 50% DNA sequence similarity with umuDC, encode proteins of similar size, and restore mutability to E. coli umuDC mutants (9, 31, 32, 41) . Complementation via exchange of the component proteins does not occur between UmuDC and MucAB, which indicates that each protein functions only with its cognate partner (31) .
Although i,,nii-like sequences are present on many plasmids, they have been detected either by functional criteria (2, 13) or by hybridization (35, 36) in only a few bacterial species. In fact, Sedgwick and Goodwin (35) have claimed that there is a correlation between the failure to detect umuDC-like sequences via hybridization in eight enterobacterial species, including S. typhimurium, and the failure to induce mutations in those species with UV irradiation. Other evidence also suggests that S. typhimurium may be deficient in limiuDC function. In addition to the reported low mutability of this bacterium (25, 39, 44) , it exhibits a poor ability to perform Weigle reactivation of UV-irradiated P22 bacteriophage (43) . Weigle reactivation, the inducible, cell-mediated repair of UV-damaged phage, is an SOS-mediated process in E. coli that is highly dependent on umuDC (14) . E. coli iumiiDC or its analcg inucAB significantly enhances Weigle reactivation in S. typhimiurium (44) , which further suggests that this bacterium is deficient in iumuDC activity. Yet, UV mutagenesis in S. typhimiurium in the absence of pKM101 or other mutability-enhancing plasmids has been reported (13, 29, 30) . Furthermore, UV mutability in S. typhimurium appears to be an inducible process (29) , as it is in E. coli.
We have reexamined the question of whether S. typhimirlini has sequences that are similar to iumuDC from E. coli. Here we present molecular evidence that S. typhimurium does contain sequences similar to both umuC and umuD. We also present evidence that suggests that S. typhimurium contains a functional iimutC gene that is able to interact with E. coli iumnlD provided on a high-copy-number plasmid.
A iu,nuiDC LOCUS IN S. TYPHIMURIUM LT2 
MATERIALS AND METHODS
Bacterial strains and plasmids. The origins and relevant characteristics of bacterial strains and plasmids are summarized in Table 1 . All plasmids are high-copy-number pBR322 derivatives. Plasmids were initially moved into S. typhniinrium LB5000 by standard transformation techniques (16) . Plasmids were moved between S. typhiminriuim strains by P22 transduction (8) (10) . Plasmid DNA was prepared by lysozyme-alkaline sodium dodecyl sulfate hydrolysis by standard methods (20) .
Probe preparation. The probes used in this study are summarized in Fig. 1 ization to lack iininC sequences. For Southern blot hybridizations, 80 to 120 ng of probe was labeled as previously described (20) .
Southern blot hybridization. Samples of genomic or plasmid DNA were restricted and prepared for Southern blot hybridization by standard methodology (20 (Fig. 1A) , were used to probe electrophoretically separated restriction fragments of S. typhimurium LT2 genomic DNA. For comparison, E. coli genomic DNA digests were also probed. The autoradiographs shown in Fig. 2A demonstrate that, under conditions of moderate stringency, this probe hybridized to specific restriction fragments of S. typhimurium LT2 genomic DNA (lanes 3 through 5). As expected, the probe also hybridized to the E. coli umuDC-containing fragments (Fig. 2A, lane 1) .
Under the conditions used in these experiments, the hybridization signal to S. typhimurium DNA was considerably weaker than that obtained to an equivalent quantity of E. coli genomic DNA. The autoradiographs shown in Fig. 3 illustrate that, as the stringency conditions of hybridization and washes were increased, hybridization of this probe to E. coli DNA remained strong but hybridization to both S. typhimurium DNA and mucAB DNA diminished substantially. As (Fig. 1B) . The autoradiograph shown in Fig. 2B demonstrates that this degenerate umuC probe hybridized to the same restriction fragments of S. typhimuril(m genomic DNA detected by the E. coli umuDC probe. Additional restriction fragments from both S. typhimurium and E. coli were also detected with this degenerate oligonucleotide, which suggests that this amino acid sequence may be a conserved motif found in several proteins. A second oligonucleotide probe to a different region of conserved amino acid sequence between umuC and mucB (amino acid residues 50 through 55) (31) also hybridized to the same fragments detected by both the umiuDC probe and the first oligonucleotide (data not shown).
A partial restriction map of the S. typhimurium umuDC region was constructed by using the umuDC probe. The operon appears to reside wholly within two contiguous HinF fragments spanning 2.9 kilobases and also within a 3.7-kilobase BarnHI-HindIII fragment.
S. typhimurium contains sequences similar to umuD. Our results suggest that S. typhimiurium has a umuC gene. These observations together with the demonstrated UV mutability of S. typhimuriurn (13, 29, 30) led us to ask whether sequences similar to umiuD are also present in this bacterium. To test whether S. typhimuriiim does, in fact, contain sequences similar to E. coli umuD, we probed S. typhimuriiim genomic digests with a fragment of a derivative of the ioinuDC-containing plasmid pGW2020, from which the entire iuiniiC locus and flanking downstream sequences had been deleted (pMS2021; Fig. 1C ). The same restriction fragments 4 . S. tvphliinuniciiui contains sequences that hybridize to E. coli m,nitD. Southern blot hybridizations were performed with probe 3 (described in the legend to Fig. 1C) . The filter represents a third sister gel to those presented in Fig. 2 . The position of the E. coli umuD-containing fragment is indicated. Lack of signal at the E. coli inulC fragment confirms the absence of iomnitC sequences in the probe preparation. Arrows indicate S. zvphimiiriiitl fragments bearing sequences similar to onmD. These same fragments are also detected by a imnuC-specific oligonucleotide (Fig. 3B ). Numbers at the right are molecular size standards in kilobases. Abbreviations: H, Hinidlll; B, BamHl; H/B, Hindlll and BamHil.
that were detected by both the iiinuiDC probe and iiminCspecific oligonucleotide probes also hybridize to this iimiiD probe (Fig. 4) . Thus, we conclude that S. tvphirnuriim contains sequences that are similar to E. coli lmtiiD as well as to itnintC. As the utnuD-and itinuC-like sequences reside on the same 3.7-kilobase Ba,nHI-HindIII fragment, these loci are not widely separated and are likely to be contiguous as are their counterparts in E. (/oli.
S. typhimurium contains a functional umuC gene. We reasoned that the E. /oli and S. typhiminiiim imwiiDC alleles might be more closely related to one another than to the plasmid-borne inuwAB locus, since the latter may have been subject to different selective pressures during the course of evolution. Therefore, we asked whether E. c oli iilniiD would enhance S. tvphimirimon mutability. In fact, when we introduced a high-copy-number plasmid that carries the E. (oli i/nlD gene into S. typhim,urimOn, we observed that, in comparison with a control plasmid deleted for iitnitD, both UV resistance and mutability were enhanced. The increase in resistance to the lethal effects of UV was modest, approximately 30%, but reproducible (Fig. SA) . The frequency of UV-induced reversion of leuD21 was stimulated by E. (oli itnulD up to 10-fold (Fig. SB) . Under the conditions used in these experiments, UV mutability was dependent upon the presence of E. (oli inimiD. However, it must be noted that the UV mutability of S. typhilnuriilon is known to vary with experimental conditions. For example, UV irradiation of S. typhihnuriun spread on plates induces a substantial level of mutagenesis (11) . E. coli iimiilD also enhances the UV mutability of leuD21 three-to fivefold under these latter conditions (data not shown).
DISCUSSION
We have shown that S. typhlniti-imiumn contains sequences similar to both E. c oli iumuiiiC and iotiiiD. The (2) , an organism reported to be nonmutable by UV (27) .
Our results ar-e in agreement with the findings of Herrara et al. (13) that the E. (coli iounuiD locus on a high-copy-number plasmid enhances the UV mutability and resistance of S.
typh/imlir-iui. Herrara et al. (13) (15) , and other umuDC plasmid analogs are found on multiple-transposon derived plasmids (42) . The isolation and characterization of the S. typhimuriuim umiuDC analog at the nucleotide sequence level will allow one to further address evolutionary questions that concern the origins and functions of this locus in enterobacteria.
